EN TEROPATHO GENS
Parasitic and bacterial enteropathogens cause severe and chronic gastrointestinal illness in the returning traveler. Table 1 lists the major enteropathogens.
Parasitic Pathogens
Most reviews of gastrointestinal illness among travelers focus on pathogens associated with acute illness (with clinical symptoms appearing within 14 days after exposure), which are predominantly bacterial or viral in origin. Consequently, parasites such as giardia, entamoeba, strongyloides, and schistosoma are often neglected or insufficiently covered.
Giardia
Giardia lamblia (also called G. intestinalis or G. duo denalis) is highly contagious (ingestion of as few as 10 to 25 cysts may cause disease), with persons becoming infected through the ingestion of cysts in contaminated food or water. However, personto-person transmission is possible. 16, 17 The clinical manifestations range from mild intestinal problems that resolve spontaneously to complex symptoms that last up to several weeks, such as protein-losing enteropathy, postinfectious fatigue, chronic diarrhea, abdominal pain, nausea, and weight loss. 18 There is now evidence that rotavirus may work synergistically with giardia to enhance pathogenesis through more successful attachment of the ventral disk of trophozoites to the infected epithelium. 19 In children, the disease can cause growth and cognitive impairment as a result of iron and micronutrient deficiencies. 16, 18, 20 The two developmental stages of giardia species are the mobile flagellate trophozoites, which are responsible for the clinical symptoms of the disease, and the cyst forms, the infective stage, in which trophozoites are surrounded by a rigid, protective cyst wall that allows the parasite to survive outside the host intestine. 16, 17 After exposure to the acid environment of the host's stomach, the cysts rupture, releasing fully developed trophozoites into the proximal small intestine, where replication and tissue damage occur. 16 This close association between the trophozoites and the proximal small intestine results in pathophysiological processes that interfere with 
Entamoeba
Three entamoeba species (E. histolytica, E. dispar, and E. moshkovskii) have been identified, but only E. histolytica and E. moshkovskii are pathogenic in humans, causing amebiasis. The parasite is acquired through the ingestion of food or water contaminated with fecal cysts. After it has been ingested, the cyst emerges in the terminal ileum as an active trophozoite, which migrates to the colon where it colonizes the mucus layer by binding to host mucin oligosaccharides with the ameba cell-surface adhesion molecule galactose and N-acetyl-d-galactosamine (Gal/GalNAc)-specific lectin. 25 Invasion may take days to years after the initial infection and is characterized by fever, abdominal pain, and bloody dark-brown diarrhea. 26 However, 90% of cases are asymptomatic and self-limiting. 26 Symptomatic disease occurs when trophozoites invade the mucosa and submucosa by means of secretory enzymes, and some trophozoites enter the portal circulation and disperse to the liver and other soft organs. 6, 25 Disease of the right colon is common and is associated with the following serious complications: strictures, rectovaginal fistulas, bowel obstruction, toxic megacolon, perforation, peritonitis, and death. 26 Only 1% of clinical cases of amebiasis involve the liver. 26 The right lobe of the liver is four times as likely to be involved as is the left lobe. 26 Hepatic invasion results in tissue destruction and the formation of microabscesses that gradually coalesce. 6, 26 Amebic ulcers of the penis are rare but can resemble squamous-cell carcinoma, chancroid, primary syphilis, or granuloma inguinale. 27 Amebic cervicitis mimicking a posterior-wall fibroid has been recently reported. 28 
Strongyloides
There are more than 50 species of strongyloides, the parasitic helminth roundworm, with Strongy loides stercoralis (threadworm) being the most dominant in humans. 29 Third-stage filariform larvae penetrate the skin (usually the foot) of the human host, reach the lungs by way of the blood circulation, and enter respiratory pathways. From there, they migrate upward through the trachea, are swallowed, and finally reach the small intestine, where they mature into adult egg-laying female worms. 29, 30 Female worms embed in the submucosa of the duodenum, where they produce dozens of eggs per day. These hatch in the gut lumen, and the first-stage rhabditiform larvae either are passed out in the feces and develop into infective third-stage larvae or remain in the gastrointestinal tract of the human host and start a new infection cycle (autoinfection). 29 Autoinfection can result in persistent infection for decades. 30 More than 50% of patients with a chronic infection are asymptomatic. 27 This is due to partial immunity, which has been shown to be correlated with eosinophilia, humoral IgM and IgG levels, and HLA-DRB1*0901 haplotype. 31 For some patients with disease, the symptoms include erythematous pruritus, skin eruptions, larva currens, abdominal pain, diarrhea, and weight loss. 29, 32 In travelers presenting with eosinophilia or elevated IgE levels, strongyloides should be considered in the differential diagnosis. Susceptibility in male patients has been shown to be related to IgG4 antibodies and resistance to albendazole treatment. 31 In immunocompromised persons, strongyloidiasis can cause a hyperinfection syndrome owing to the reproductive capacity of the parasite inside the host. 30 In cases of dissemination disease, the hyperinfection syndrome can be associated with a mortality rate close to 90%.
Schistosoma
Schis to so mi a sis is a common chronic helminth disease caused by intravascular parasitic schistosoma trematode worms. The three most important species in humans are Schistosoma hematobi um, S. mansoni, and S. japonicum. 33, 34 Schis to some transmission requires the contamination of water by egg-containing feces or urine, a specific freshwater snail as intermediate host, and human contact with water inhabited by the intermediate host snails. Schis to some larvae (cercariae) emerge from the snails and penetrate human skin, thereby instigating infection. [33] [34] [35] A maculopapular eruption consisting of discrete erythematous, raised lesions that vary in size from 1 to 3 cm may arise at the site of percutaneous penetration by the cercariae. Patients with acute schis to so mia sis, or the Katayama syndrome, which usually begins with the deposition of schis to some eggs into host tissues, can present with fever, malaise, myalgia, fatigue, nonproductive cough, diarrhea (with or without blood), hematuria (S. hematobium), and right-upper-quadrant pain. Schis to so mi a sis is an increasingly recognized risk to travelers, particularly adventure tourists. [13] [14] [15] A skin reaction may develop within a few hours after cercarial penetration in migrants or tourists infected for the first time, although a rash may appear as much as a week later. In cases of infection with S. mansoni and S. japonicum, a T-cell-mediated granulomatous reaction to schis to some eggs leads to fibrosis and chronic disease of the human liver, resulting in the development of severe hepatosplenic schis to so mi a sis; in cases of S. hematobium, this reaction leads to fibrosis and calcification of the bladder and ureters, which can result in bladder cancer. [33] [34] [35] Bacterial Pathogens
Campylobacter
Campylobacter species are a leading cause of acute infectious diarrhea in the industrialized world. They are increasingly being recognized as pathogens in resource-poor countries. 12 Campylobacter jejuni and C. coli are the main species causing foodborne illness. 36 Campylobacteriosis is transmitted by the fecal-oral route, with foodborne transmission accounting for approximately 80% of cases. 7 The consumption of raw meat and undercooked poultry substantially increases the risk of infection. The majority of cases of C. jejuni are self-limiting and do not require antibiotic treatment. 37 Common symptoms of severe infection include abdominal pain, acute watery diarrhea, fever, and occasionally dysentery. A rapid increase in resistance to fluoroquinolones by C. jejuni may be associated with postinfectious irritable bowel syndrome. 37 Guillain-Barré syndrome, acute transverse myelitis, myocarditis, and reactive arthritis may also develop as a result of intestinal infection with C. jejuni. 7, 32 C. jejuni enters the intestinal mucosa basolaterally through M cells with the help of a microtubule-based entry system. 6, 38 Infection spreads to adjacent cells through hostinvasion receptors that are sequestered basolaterally. 6, 38 The type IV secretion system mediates invasion into host cells. 39 Cytolethal distending toxin, a nuclease, results in the arrest of the cell cycle and in DNA damage. 6,39,40 C. jejuni biofilms have been observed on primary human ileal tissue, and these may enhance survival and transmission. 41 Orally residing campylobacter species can form biofilms on tooth pockets and epithelialassociated plaques that may contribute to periodontitis. 41 
Salmonella
Salmonella are enteric bacteria causing typhoid fever, paratyphoid fever, non-typhi salmonella infections, and foodborne illness. Salmonella serovar Typhi, which has no animal reservoir, is spread from person to person, and paratyphi are major pathogens that cause enteric fever in the developing world. 42 Nontyphoidal salmonella, including Salmonella enterica, are the major cause of food poisoning globally. 42 Patients infected with S. enterica typically present with acute watery diarrhea, fever, and abdominal pain. However, in Africa, patients may present with a sepsislike syndrome including fever, hepatosplenomegaly, and respiratory symptoms, without enterocolitis. 43 Ninety-five percent of cases of S. enterica infection are caused by food (e.g., contaminated chicken, eggs, or peanut butter). 7 Salmonella has been implicated in the early pathogenesis of inflammatory bowel disease, but the large studies undertaken have yet to find a definitive association. 44, 45 S. enterica invades the intestinal epithelium and survives within macrophages with the help of two type III secretion systems (T3SS) encoded by salmonella pathogenicity island 1 (T3SS SPI-1) and 2 (T3SS SPI-2), respectively. 6,46 SPI-1 and SPI-2 encode needlelike complexes that can inject bacterial effector proteins directly into host cells and ultimately take over cell function -such as that associated with cytoskeletal architecture, membrane trafficking, signal transduction, and cytokine gene expression -resulting in bacterial intracellular survival and colonization. 47, 48 After invasion of host cells, salmonella localize within salmonella-containing vacuoles and establish a niche where they survive and replicate. 48 
Shigella
Four species of shigella (Shigella dysenteriae, S. flexne ri, S. sonnei, and S. boydii) are known to be pathogenic in humans. Shigella has no natural reservoir but is highly contagious and spreads from person to person or through the ingestion of contaminated food. 49 oculation. 7, 49 Common symptoms of shigellosis are bright-red bloody diarrhea, fever, abdominal pain, and dysentery. The organism invades the intestinal epithelial cells of the colon through M cells from the basolateral side and spreads laterally. 6 Shigella is similar to salmonella in that it possesses a large plasmid that encodes the principal T3SS and other virulence factors for invasion. 6, 50 The pathogenic mechanism of shig el losis is complex, involving Shiga toxins (enterotoxin, cytotoxin, and neurotoxin), cytokine-mediated inflammation of the colon, and necrosis of the colonic epithelium. 50 The resulting colitis and ulceration of the mucosa results in bloody (bright red) mucoid stools, febrile diarrhea, or both. 50 
DI AGNOSIS

History and physical examination
In the assessment of the returning traveler, a detailed travel history and physical examination are essential. 7, 11, 32 Disease patterns vary greatly among countries, and there can also be differences within countries, depending on environment, ecology, altitude, climate, vectors, and other factors. 11 Other useful information to obtain from the patient includes exposure to insect bites, exposure to ill people, type of food and liquids consumed, vaccination history, and medications taken. A physician should also know the incubation periods of potential infections. Acute clinical symptoms (appearing <14 days after exposure) could be indicative of enteric viral or bacterial infections, whereas chronic symptoms (appearing ≥14 days after exposure) may suggest an enteric protozoan or helminthic infection. Consideration of these factors, in combination with careful assessment of the timing of clinical signs and symptoms, should help the physician determine the appropriate laboratory test to order and whether empirical treatment should be initiated. 32
Laboratory testing
Laboratory diagnosis of a specific pathogenic strain, virulence factor, or toxin is required so that antimicrobial treatment can be targeted against the causative organism. Routine blood tests should consist of a full blood count (e.g., leukocytes, eosinophils, neutrophils, and lymphocytes), liver-function tests, and a basic metabolic panel. A stool sample should be obtained, cultured, and examined for bacteria, cysts, eggs, and parasite larvae. 4 When parasites (giardia, strongyloides, or schistosoma) are included in the differential diagnosis, microscopical examination of the stool or specialized laboratory tests will be required. Light microscopy has traditionally been used to view eggs and other parasite stages in the diagnosis of intestinal parasites. Although microscopy can be performed cheaply, its sensitivity depends on the intensity of infection, the freshness of the specimen, and the experience of the microscopist. 4 Certain agars allow for culture of specific pathogens, such as salmonella, shigella, and campylobacter. 4
Other diagnostic methods
Several stool antigen assays specific for E. his tolytica are commercially available (e.g., from Techlab in the United States and Cellabs in Australia) to make an accurate diagnosis of intestinal or hepatic amebiasis on the basis of the Gal/ GalNAc-specific lectin. 26, 32, 51 Microscopical examination of the stool is no longer performed for amebiasis or strongyloides because of its low sensitivity (25 to 60%) and specificity (10 to 50%) 27 ; with microscopy, it is easy to confuse E. histolytica with the identically appearing and much more common nonpathogenic parasite E. dispar. 26 Antigen-detection assays with immunofluorescence are now commonly used in the diagnosis of giardia and strongyloides, given the difficulties in morphologic identification of the parasites. 16 The use of strongyloides-specific antigen (NIE) has improved the specificity of enzyme-linked immunosorbent assays (ELISAs), which are routinely used in laboratories in North America. Polymerasechain-reaction analysis can detect most parasitic infections and is more sensitive than antibody detection, but it is not performed routinely in pathology clinics. 34, 52, 53 Oligonucleotide microarray analysis performed on DNA is now being explored for potential use in the detection and genotyping of campylobacter species. 54 In patients with bloody diarrhea, stool cultures and fecal toxin assays by means of a commercial ELISA are recommended. 7 Upper gastrointestinal endoscopy is useful in the investigation of patients with persistent diarrhea. Changes in villous morphologic features can be confirmed by duodenal biopsy, which may also reveal the presence of protozoal cysts or trophozoites, but biopsy is rarely performed because of advances in antigen-detection techniques. Duodenal fluid can be aspirated
The 1823 during a biopsy for the detection of giardia cysts and trophozoites and for the larvae of strongyloides. 32 Ultrasonography and MRI studies may also be helpful in determining the degree of hepatic involvement in patients infected with entamoeba or schistosoma species.
T R E ATMEN T
Antidiarrheal agents
An oral rehydration solution (e.g., Pedialyte) should be administered in patients with recent weight loss, prolonged skinfold (decreased skin turgor), dry oral mucosa, sunken eyes, altered mental status, vomiting and diarrhea, and marked dehydration and electrolyte loss. For patients with more severe diarrhea, isotonic intravenous fluids (e.g., lactated Ringer's solution) should be administered. In infants, breast-feeding should be maintained, along with an oral rehydration solution plus a zinc supplement. A diet of easily digestible food (soups, toast, crackers, mashed potatoes, rice, and bananas) is often recommended for those with acute watery diarrhea. 7 Antimotility drugs such as loperamide and diphenoxylate are useful in reducing the symptoms of watery diarrhea but should not be administered without antibacterial therapy in patients presenting with fever, dysentery, or both. 7 These pharmaceutical agents are not recommended for children and young infants owing to the potential for central nervous system effects and the possibility of respiratory depression. 32 Chemoprophylactic use of the nonabsorbable agent bismuth subsalicylate (Pepto-Bismol) reduces diarrhea rates by 40 to 65%. 4
Antimicrobial agents
For campylobacter and shigella, antimicrobial therapy is indicated (Table 1) . For nontyphoid salmonella diarrhea, the objective of therapy is to treat or prevent the occurrence of bacteremic disease. 44 Antibiotics are given to patients in whom bacteremic disease is suspected. 44 For schis to somi a sis, the highly effective drug praziquantel -60 mg per kilogram of body weight in three doses in 1 day for S. japonicum, and 40 mg per kilogram in two doses in 1 day for S. mansoni and S. hematobium -remains the treatment of choice. 33, 34 Many travelers self-medicate for acute diarrhea. If the diarrhea persists, the organism could have become resistant to the antibiotics or it could have been misdiagnosed and could in fact be a parasite. Drug resistance in enteropathogens has become a major global problem. Multidrug-resistant Salmonella enterica Typhi and S. enterica Paratyphi are common in Asia and sub-Saharan Africa, and there are increasing reports of reduced susceptibility to fluoroquinolones. C. jejuni resistance to fluoroquinolones has become a concern in Southeast Asia, with rates of resistance of 80% reported from Thailand. 41 This resistance may be due in part to a Thr86Ile mutation in GyrA, which modulates DNA supercoiling homeostasis. 55 Multidrug resistance in a distinct genotype of S. enterica serovar Typhimurium (ST313) has emerged in Africa, and to date we know of no intervention studies about the best antimicrobial regimen to treat acute infection and prevent relapse. 43 Knowledge of global resistance patterns can help inform the choice of empirical antibiotics in returning travelers. Glucocorticoids are contraindicated in immunosuppressed persons who are infected with strongyloides. A short course (6 to 17 days) of treatment with glucocorticoids in immunocompromised persons has been associated with the hyperinfection syndrome and death. 56 
F U T UR E DIR EC T IONS
The world's population is growing exponentially. Most of this growth is occurring in the developing world, where it appears unlikely that food hygiene and personal hygiene will improve in the foreseeable future. As international travel to developing countries increases, physicians specializing in travel and infectious diseases, as well as general practitioners, will have to become more knowledgeable about travel-related illnesses, including sexually transmitted infections, in order to better inform travelers of the health risks in the country of their destination. Physicians need to equip travelers with appropriate vaccinations, malaria chemoprophylaxis, and effective antibacterial drugs for self-treatment should the traveler become ill with a bacterial enteropathogen.
Further assessment of the use of prophylactic drugs and the development of vaccines to protect against travel-related diseases may occur. Rifaximin could be used prophylactically against most bacterial pathogens. 12 However, the drug does not have efficacy against campylobacter or para- sitic infections. 57 Recent evidence suggests that nitazoxanide may have potential as an empirical treatment for pediatric infectious diarrhea. 58 A high-throughput drug screening for E. histolytica identified auranofin (a drug approved by the Food and Drug Administration for rheumatoid arthritis) as an active agent against E. histolytica in culture that is 10 times more potent than metronidazole. 59 The following three vaccines against typhoid fever are licensed in the United States: a live, attenuated strain Ty21a vaccine, a parenteral Vi capsular polysaccharide vaccine, and a parenteral killed whole-cell vaccine. 60 65 ; and a Schis. japonicum plasmid-based DNA transmission-blocking vaccine, SjCTPI-Hsp70. 66 A new database for diarrheal pathogens, dbDiarrhea, has been developed that may greatly enhance future vaccine development. 67 The database can be freely accessed at www.juit.ac.in/attachments/ dbdiarrhea/diarrhea_home.html.
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